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Principal Component Analysis, Target Transformation and Linear Combination Fitting analysis procedures
Principal Component Analysis (PCA) and Target Transformation (TT) were performed using the SixPack program. PCA was run using all the sample spectra between 8970 -9100 eV (-25 -120 eV relative to Cu-K absorption edge of 8979 eV) and IND values indicated that up to 9 components were likely to be contributing to the sample spectra. TT classified the standard spectra according to the SPOIL values shown in Table S2 below, where 8 standards were classified as "good" (SPOIL <3.0) which were included in the Linear Combination Fitting (LCF). As a large number of components were indicated as likely by PCA, additional standards based on what may be likely for the soils were included in the LCF: Cu bound to HA, Suwanee River Natural Organic Matter (SR-NOM), Cu-goethite, Cu 3 (PO 4 ) 2 and malachite were included based on what may be expected for the soils. LCF was performed using the Athena program with a maximum of four standards in each simulated combination. Combinations with five standards as a trial on several spectra returned mostly the same fits with four or less components, so four was decided as the maximum.
Synthesis of selected Cu standards
Cu sorbed to ferrihydrite 40 g of Fe(NO 3 ) 3 .9H 2 O was dissolved in 500 mL of ultrapure water and 1 M KOH was slowly added under vigorous stirring. The pH was constantly monitored and the addition of KOH was stopped when the solution pH reached 7.23. The precipitate (ferrihydrite, Fh) was rinsed 5 times by centrifuging and resuspending in ultrapure water before freeze-drying the sample. Cu-sorbed on to Fh was prepared by Cu(NO 3 ) 2 solution to Fh at a dose of 1000 mg Cu/kg, allowed to equilibrate for 24h on the orbital shaker in the dark, and dialysed for 48 h with ultrapure water to remove the excess, unadsorbed Cu. The pH of the Fh suspension at the point of Cu addition was 4.6. The final product was freeze-dried and collected and used as a Cu-ferrihydrite standard.
A similar procedure was followed with Cu sorbed to goethite using synthesized goethite.
Cu with organic ligands
Cu-aspartate was freeze-dried from a 20 mL solution of 222 mg/L Cu 2+ (as Cu(NO 3 ) 2 ) with 50 mg aspartic acid. The pH of the final deep blue solution was 7.2 prior to the freeze-drying. The molar ratio of Cu to aspartate was ca. 1:5.
Cu-cysteine was prepared by mixing 444 mg/L Cu 2+ (as Cu(NO 3 ) 2 ) with 50 mg cysteine. The colour of the solution was cloudy with a hint of pink. The pH was 2.05 prior to freeze drying. The molar ratio of Cu to cysteine was ca. 1:3.
Cu-EDTA, Cu-histidine and Cu-arginine were prepared in a similar manner, with a molar ratio of 1:3.
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Supplemental Table S1 . Properties of the soils used in this ageing study. This is an extended version of Supplemental Table S2 . SPOIL values resulting from the PCA and 9-component TT processes of the Cu standards. The first 8 standards with the low spoil values and additional selected standards were used for LCF analysis. For non-Day 0 samples, the Day 0 spectrum was included as a "standard" in the LCF analysis and redistributed after the analysis. * 1
Contributions from SR-NOM dialysed (13.5 kD) with water before freeze drying (SR-NOM/H 2 O) and native SR-NOM were summed in Table 2 
